Background: Automated systems have enabled the counting of particles in urine to be standardized. Their superiority over traditional sediment analysis has been well documented, but they have not gained wide acceptance. The reasons for this are that sediment analysis has been performed and interpreted for decades. Additionally, pathologic casts and other unknown particles still must be confirmed under the microscope. Furthermore, comparison between the methods has revealed outliers and thus decreased confidence in automation. Methods: We used the standardized KOVA cell chamber system to count particles and compared the results with UF-100 flow cytometry as an alternative to traditional sediment analysis. Results: We compared 252 randomly selected urine samples and obtained a review rate of 33%. Microscopic verification was necessary because of the presence of casts, yeast, sperm, dysmorphic erythrocytes, and some misclassified erythrocytes or leukocytes that were detected by incongruent dipstick results and abnormal scattergrams. We obtained correlation coefficients of 0.966 for erythrocytes and 0.935 for leukocytes. Criteria for an algorithm to identify samples that needed microscopic review were derived from comparisons between the number of particles from UF-100, dipstick results, cell chamber counting, and sediment analysis. Conclusions: Automated cell counting combined with microscopic counting with a standardized cell chamber system is useful. An objective algorithm for review criteria can be developed via systematic comparison of UF-100 flow cytometry and microscopy. Only urine
UF-100 flow cytometer was compared with the disposable KOVA cell chamber system (Hycor) (10, 11 ) and traditional urine sediment analysis. From our results, we propose a standard approach for counting particles in urine that uses the flow cytometer and/or the KOVA cell chamber with the advantage that laboratories of all sizes could integrate one or both methods.
Materials and Methods

uf-100 flow cytometer
We randomly selected 268 urine samples from different departments of our hospital (e.g., medicine, surgery, gynecology, nephrology, and intensive care) and analyzed them microscopically (see below) and with the UF-100 (software version 12; Digitana), as described by the manufacturer. Samples were analyzed within 1 h of arrival. We analyzed 10 samples three to five times with the UF-100 for precision measurements. The number of red blood cells (RBCs), white blood cells (WBCs), squamous epithelial cells (ECs), and other particles were counted in 252 samples. Dipstick results were obtained for all of the urine samples.
Blood and leukocyte esterase from the dipsticks and particle counting with the KOVA cell chamber and traditional sediment analysis (see below) were compared with results for RBCs and WBCs from the UF-100 and assessed for concordant/discordant results. Discordant results were defined when the number of RBCs above the cutoff, as measured by the UF-100, was at least two times higher than the number counted in the KOVA cell chamber, when the RBC scattergram was abnormal, or when the dipstick results for blood or leukocyte esterase did not match with the number of RBCs and WBCs, respectively. An incongruent result was defined as follows: (a) the semiquantitative dipstick result was negative/trace and the cell number in the KOVA chamber was Ͻ10, but the cell count with UF-100 was Ͼ21 and up to 1200 ϫ 10 6 /L; (b) samples with a positive dipstick result whose cell count was more than twice as high on the KOVA system as on the UF-100, or vice versa, and had, in addition, an abnormal scattergram and/or a flag. Particles such as casts, small round cells (SRCs), yeast, sperm, crystals, and dysmorphic RBC were taken into account because a large number of these particles can influence the classification of cells in the scattergram (5, 12, 13 ) . The reason for each discordant result was determined (e.g., influence of yeast, sperm, or crystals on RBC). The lowest number of each influencing particle that produced discordance was derived for the algorithm accordingly (see Results).
microscopy with kova cell chamber and sediment analysis
The KOVA system was selected as an alternative microscopic method because it provides a standardized quantitative procedure like the UF-100. The KOVA system includes a conical graduated test tube, in which the urine is centrifuged; the KOVA Petter, a disposable plastic transfer pipette constructed with a bulb-like base, which allows easy and precise decanting of the supernatant; and 10 chambers with grids on one disposable KOVA slide (10 ) .
From the urine samples mentioned above, we counted six urine specimen five times in the KOVA cell chamber to assess precision. The same 252 samples assayed by UF-100 were analyzed in parallel with the KOVA system (Axon Lab) and the traditional urine sediment analysis. After the urine was analyzed with the UF-100, the remainder was centrifuged at 400g for 5 min (2 ). The total urine volume in the conical 8-mL Vacutainer urine tubes (BD Allschwil), which replaced for practical reasons (pneumatic transport system) the original KOVA tubes, was measured against a reference tube. The supernatant was removed with the KOVA Petter after centrifugation, and the volume of the remaining urine in the tube was measured with an Eppendorf pipette, giving a mean (SD) of 0.650 (0.05) mL. The pellet was mixed well with the KOVA Petter, and one drop was placed in the KOVA cell chamber. Irrespective of the UF-100 results, microscopic evaluation took place and was always performed by the same person. The microscopic counting with phase contrast for the detection of dysmorphic RBCs was done after cells were allowed to settle for 5 min. For counting in the KOVA chamber, the middle section in the grid was chosen, and RBCs, WBCs, and ECs were counted at a ϫ400 magnification in 10 small squares. Other particles were evaluated qualitatively in the low power field at ϫ100 magnification. The number of cells was calculated according to the equation below:
where n is the number of cells counted in 10 small squares, Vol Centr is the volume of the pellet after centrifugation, Vol Tube is the total volume of urine in the test tube, and Vol Chamber is the volume of 10 small squares (0.1111 ϫ 10 Ϫ6 L). Another drop was placed on a glass slide and covered with a 20 ϫ 20 mm coverslip for traditional urine sediment analysis. For the urine sediment analysis, several high power fields (HPFs) were estimated, and the counts were given as an average per HPF. These values were normalized to a given volume: 
statistics
Regression analysis to establish differences between the methods was performed with Deming systematic difference calculations (14 ) . Results that were flagged for review by the UF-100 (Fig. 4) , incongruent dipstick results, abnormal scattergrams, urine samples with a volume Ͻ5 mL, and samples that had to be diluted because of very high cell numbers were excluded from the regression analysis.
Results
comparison of uf-100 with kova system
We analyzed 252 urine samples and compared the results obtained with the UF-100 and the KOVA system. We included 212 results for RBCs and 241 results for WBCs in the general Deming regression analysis, a weighted leastsquares regression model (14 ) . The remaining samples were excluded from the regression analysis because of flags from the UF-100, incongruent dipstick results, or abnormal scattergrams (see below). Table 1 ).
RBC and WBC results were also compared with the traditional sediment estimation. From the average number of cells/HPF, values with cells ϫ 10 6 /L were calculated. The correlation was 0.951 for RBCs and 0.887 for WBCs, respectively ( Table 1 ).
precision of uf-100 and kova system
Internal quality control of the UF-100 was done with a mixture of latex particles. Interassay imprecision (CV) for 43 measurements was 4.1% at a mean of 195 ϫ 10 6 RBC/L, 2.8% at 195 ϫ 10 6 WBC/L, and 7.2% at 213 ϫ 10 6 BACT (bacteria Ͼ2 m)/L. To compare the two methods, precision measurements for RBCs and WBCs were performed with low, intermediate, and high cell numbers with the UF-100 flow cytometer and the KOVA cell chamber system (Fig. 2 ). SDs were slightly higher for the KOVA system than for the UF-100. As expected, the CV decreased with increasing numbers of cells and asymptotically approached ϳ10% for UF-100 and ϳ15% for the KOVA system.
Because the UF-100 (software version 12) enumerates two different bacterial particles, BACT (bacteria Ͼ2 m) and H-BACT (bacteria Ͻ2 m), the SDs were 1-11 ϫ
10
6 /L for BACT in the range of 0.03-3 ϫ 10 9 /L and 61-641 ϫ 10 6 /L for H-BACT in the range of 1.2-34 ϫ 10 9 /L, i.e., the CV was 2-5%.
review rate
In previous studies, outliers for RBCs and WBCs between the UF-100 and cell chamber counting were noted but not specifically examined (8, 9 ) . Our work therefore was initiated to explore the causes of the differences and to obtain an estimate of the fraction of samples requiring microscopic confirmation.
Results from 168 (66.7%) of 252 samples were correctly interpreted by UF-100 and would not have needed further evaluation (Fig. 3) . Of the remaining 84 samples (33.3%), 23 (9.1%) had to be checked microscopically for casts, SRCs, and high numbers of crystals, yeast, and sperm cells because classification of RBCs may be influenced by these particles. However, we found that in these cases interference with RBC and WBC counts did not occur and that 6 of 23 samples that contained yeast, sperm, or crystals above the review limits (Fig. 4) were selected unnecessarily. In these six samples, the particles did not overlap with the RBC gate in the scattergram. The presence of pathologic casts or other particles was not confirmed in one-half of the cases because high numbers of hyaline casts, ECs, and cell debris also can cause such flags.
A total of 30 samples (11.9%) with RBC concentrations Ͼ20 ϫ 10 6 /L that were flagged for dysmorphic erythrocytes needed microscopic review because we observed that for seven cases in this study, such flags were the only indication of the incorrect counting of RBCs.
In 31 samples (12.3%), a review flag from the UF-100, an abnormal distribution of the RBC cloud in the scattergram, or an incongruent dipstick result (see Materials and Methods) for blood or leukocyte esterase made it necessary to recount the cells with the microscope. In all of these cases, the RBC count obtained with the UF-100 was incorrect (Fig. 5) , and in five cases, both the RBC and WBC counts were incorrect. RBCs were misclassified when a high amount of bacteria, crystals, sperm, or yeast overlapped with the RBC gate in the scattergram; these particles therefore contributed to erroneously high RBC counts. The presence of naked EC nuclei led to an incorrectly high WBC count.
algorithm for microscopic review
Ultimately, this study allowed us to determine whether we could find an objective algorithm for screening urine samples that need further confirmation by microscope after combined analysis with the chemical dipstick and counting of particles with the flow cytometer. To achieve this, we adapted the review conditions of the UF-100, originally proposed by the manufacturer.
In the proposed algorithm (Fig. 4) , we included such items as the cross-check between negative dipstick results and high cell count with the UF-100 (Fig. 5) , abnormal scattergrams, undefined or a very high number of particles, RBC information, pathologic casts, SRCs, crystals, yeast, and sperm, whereas conductivity ensured authentic samples in cases of drug abuse.
All samples were evaluated for abnormal distribution of the scattergrams and were checked for incongruent results between the dipstick, UF-100, and KOVA system (see Materials and Methods). In those cases in which a particular particle influenced the result, the number of such particles was noted as the limiting factor. Among all such detected samples, the lowest particle number that was found to give no further influence on the scattergram was then used as the review limit in the algorithm.
When we examined the data with the proposed algorithm, we found that 6 of 252 samples (2.4%) were selected unnecessarily. However, more importantly, all 
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In the UF-100, each sample was measured three to five times. In the KOVA chamber, for each data point, five aliquots from one centrifuged tube were added to the chamber and counted. Fig. 3 . Classification of results for 252 urines after analysis with UF-100.
Review rate from the interpretation of scattergrams together with results from microscopy and dipstick.
samples that needed confirmation were selected by the algorithm. Two circumstances were critical for determining inappropriate classification of RBCs and WBCs. The first circumstance, incongruent results between the dipstick and flow cytometer, especially the absence or a low concentration of blood or hemoglobin on the dipstick and a high number of RBCs in the scattergram (Fig. 5) , gave evidence for false classification of these particles. The second, samples with dysmorphic RBCs Ͼ20 ϫ 10 6 /L, needed to be checked by microscope to avoid missing important renal diseases. In these cases, not only did the number and appearance of the RBCs need to be verified, but RBCs were sometimes wrongly classified and other particles, such as pathologic casts, that had not been flagged by the instrument were detected.
Discussion
We found an excellent correlation between the KOVA cell chamber and UF-100 for RBCs (r ϭ 0.966), WBCs (r ϭ 0.935), and ECs (r ϭ 0.902). Interestingly, under the condition of a standardized preparation of the traditional sediment analysis within a definite volume, the correlation was still 0.951 for RBCs and 0.887 for WBCs. Sediment analysis has to be regarded as a semiquantitative method. We therefore propose that standard counting of particles in urine with the UF-100 flow cytometer in concordance with the KOVA cell chamber system be introduced to fulfill the recommendations of international guidelines (2, 3 ) . Minor deviations between the two systems have to be considered, e.g., the slopes and intercepts in the regression analysis showed differences from 1 and 0, respectively ( Table 1 ). The intercepts of ϳ4 to 5 ϫ 10 6 cells/L are caused by overestimation by the flow cytometer as a result of an overlapping area in the RBC gate in the scattergram. A conversion factor should be introduced if both methods are used in concert and if the same reference values as proposed (8 ) are accepted. It must be emphasized that the number of cells found in the sample can be affected not only by the method of counting, but also by the test tube (12, 15 ) , to which cells, casts, and Left, settings that can be adjusted on the instrument. Path. Cast, pathologic casts; X'tal, crystals; YLC, yeast. Right, variables that have to be considered. Hb/Prot/Lc/Nitrite, hemoglobin, protein, leukocyte esterase, and nitrite from the dipstick. Total particle count (to dilute if Ͼ40 000) and conductivity (check composition of specimen) need review if there are persistent flags.
other particles can adsorb, and by transportation and centrifugation, during which mechanical forces and temperature can destroy the particles (1 ). Therefore, the systematically lower values obtained with the KOVA chamber might explain the differences between our findings and those of Okada et al. (16 ) , who compared the UF-50 and the KOVA chamber filled with uncentrifuged urine. However, because of the small number of cells in the chamber, their precision measurements above the cutoff gave CVs up to 57%.
The intraassay CV for patient samples measured by UF-100 was 10% for both RBCs and WBCs above the cutoff of 20 ϫ 10 6 cells/L. With the KOVA chamber, we obtained slightly higher CVs, up to 15%. This is because we counted a much smaller number of cells microscopically than were counted by the UF-100. Bacteria were counted by UF-100 with high precision (CVs Ͻ5%). Flow cytometry for bacterial counting has been recommended for use in the screening of urinary tract infections because its sensitivity is ϳ55% and its specificity is ϳ90% (13 ) .
To evaluate a unifying system, we compared the flow cytometer, the dipstick method, and the KOVA system in 252 urine samples. The flow chart in Fig. 4 shows the criteria for a microscopic review. A total review rate of 33% (Fig. 3) was obtained, with 9% of the reviews attributable to flags for casts, SRCs, crystals, yeast, and sperm. Clumped ECs often gave a flag for pathologic casts and SRCs; they therefore need to be confirmed. Large numbers of crystals, yeast, and sperm cells are known to overlap with the RBC gate in the scattergram and may lead to misclassification. This is the main reason to check the number of RBCs by microscope. However, RBCs and WBCs from this group were correctly interpreted by the UF-100 and were not falsely classified.
We found dysmorphic RBCs Ͼ20 ϫ 10 6 cells/L in 12% of all urine samples. Considering this flag, 2.8% of all urine samples were misclassified for RBC count. Additionally, the presence of dysmorphic erythrocytes could not be confirmed in all cases by microscopy because there is an overlapping area between normal and dysmorphic RBCs in the RBC Fsc graph of the UF-100. The testing was done with UF-100 software version 12. Although the version has been upgraded to 18 and the differentiation of dysmorphic RBC has been improved, we have not found major changes.
In 12% of all samples, RBCs, and in some cases both RBCs and WBCs, were incorrectly classified by the UF-100 (Fig. 5) and thus would have given rise to false results if no attention has been paid to the review criteria (Fig. 4) . The reason for the incorrect classification of RBCs was mainly the presence of crystals, yeast, sperm, and a large number of bacteria, as already pointed out by others (12, 13 ) . The selecting gate for RBCs in the scattergram overlaps partly with these particles. One reason for WBC misclassification was the presence of naked EC nuclei. Urine samples from nephrology departments will show higher review rates from flags for casts and dysmorphic RBCs. This could explain the differences in published review rates, 6 -35% (7 ). Expert systems seemed to improve the reliability of results, thereby decreasing microscopic reviews (7, 17 ) . However, it seems that solving the technical details of the urine analysis before using such a system may not have been taken into consideration in these studies.
Application of the review criteria (Fig. 4) enabled complete detection of all samples that had to be confirmed by microscopy. Unnecessary confirmation was done in only 2.4% of all cases. It can be concluded that only samples that fall within these parameters have to be checked microscopically. There is thus no objective reason to analyze urine samples systematically by microscopy just because they contain particles above the reference values.
Future development of urinalysis systems should aim to attain accurate and precise measurement of the total number of RBCs, WBCs, and bacteria, taking into account parameters for the urine concentration, such as creatinine or conductivity and differential protein analysis (18, 19 ) . With these additional criteria, a more accurate diagnosis and therapy can be achieved.
In conclusion, we believe that standardization of cell counting in urine is possible with the UF-100 and KOVA systems and that both methods can be used in lieu of each other under certain conditions. Our systematically performed comparison between UF-100 and microscopy led to an algorithm for the selection of samples for microscopic review. Only those urine specimens specifically identified need microscopic review.
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